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Background: Transcranial direct-current stimulation (tDCS) facilitates cognitive
improvement in healthy and pathological populations. It has been increasingly used in
cases of mild cognitive impairment (MCI) and dementia. Our research question is: Can
tDCS serve as a clinical intervention for improving the cognitive functions of persons with
MCI (PwMCI) and dementia (PwD)?

Objective: This systematic review evaluated the evidence to determine the efficacy of
tDCS in improving cognitive outcomes in PwD and PwMCI.

Methods: A systematic review was conducted of studies published up to November
2017 involving tDCS in cases of MCI and dementia. Studies were ranked according to
the level of evidence (Oxford Center for Evidence-Based Medicine) and assessed for
methodological quality (Risk of Bias Tool in the Cochrane Handbook for Systematic
Reviews of Interventions). Data was extracted on all protocol variables to establish
a reference framework for clinical interventions. Different modalities, tDCS alone or
combined with cognitive training, compared with sham tDCS were examined in both
short and long-term effects. Four randomized control trials (RCTs) with memory
outcomes were pooled using the fixed-effect model for the meta-analysis.

Results: Twelve studies with 195 PwD and four with 53 PWMCI met the inclusion
criteria. Eleven articles were ranked as Level 1b. The results on the meta-analysis on
pooled effects of memory indicated a statistically significant medium effect size of 0.39
(o = 0.04) for immediate effects. This improvement was not maintained in the long term
0.15 (p = 0.44).
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Conclusion:

tDCS improves memory in PwD in the short term, it also seems to

have a mild positive effect on memory and language in PwMCI. However, there is no
conclusive advantage in coupling tDCS with cognitive training. More rigorous evidence
is needed to establish whether tDCS can serve as an evidence-based intervention for

both populations.

Keywords: tDCS (transcranial direct-current stimulation), neuromodulation, MCI (mild cognitive impairment),
dementia, cognitive rehabilitation, cognitive training, systematic review, meta-analysis

INTRODUCTION

Transcranial direct-current stimulation (tDCS) is a type of
non-invasive brain stimulation (NIBS). tDCS delivers weak
direct currents to the brain that can alter spontaneous firing
rates on neural activity, which subsequently translates into
behavioral changes (Nitsche et al, 2008). It is a process
that has been described as “portable, painless, inexpensive
and safe” (Kadosh et al, 2012). During the administration
of tDCS, depolarization or hyperpolarization of the neuronal
membrane of target neurons may be induced, even though the
small electric fields of tDCS are considered to be below the
intensity required to evoke action potentials (Nitsche et al,
2003; Miniussi et al., 2013; Tatti et al., 2016). In other words,
tDCS causes a shift in the membrane potential threshold which
is likely to change the probability that an incoming action
potential will result in post-synaptic firing during and after
its administration (Prehn and Floel, 2015). Such changes in
neuronal excitability modulates the cognitive processes and
tDCS can induce physiological processes. Due to the proposed
resemblance of the effects of tDCS and cognitive processes
on cerebral physiology, researchers have been using NIBS to
alter cognition (Kuo and Nitsche, 2012; Prehn and Floel,
2015).

Mild Cognitive Impairment (MCI) is defined as the stage
between normal and dementia-type pathological aging. MCI
is a syndrome of cognitive decline in non-demented persons
that does not affect the capacity to be independent in activities
of daily living (ADLs; Portet et al., 2006). In contrast, people
who suffer from dementia present a more severe cognitive
decline and do not preserve independence in functional
abilities and ADLs (Langa and Levine, 2014). Epidemiological
investigations suggest a range of prevalence for MCI of 7-
24% among adults aged over 65, and the manifestation of
MCI is consistently shown to have a high risk of progression
to dementia (Langa and Levine, 2014; Petersen et al., 2014).
To date, there is no pharmaceutical treatment shown to
be effective in improving cognitive functioning in MCI and
dementia (Langa and Levine, 2014), although cognitive training
interventions show promise for improving targeted cognitive
functions in elderly persons without cognitive impairments
(Ball et al., 2002). Cognitive Rehabilitation (CR) is defined
as “the therapeutic process of increasing or improving an
individual’s capacity to process and use incoming information
so as to allow increased functioning in everyday life.” This
includes methods to train and restore cognitive functioning as

well as compensatory techniques (Sohlberg and Mateer, 1989,
p- 871).

CR is therefore essential and research has indicated that NIBS
can positively affect the cognitive performance of populations
affected by cognitive disorders (Miniussi et al., 2008). Differences
in tDCS experimental protocols regarding the parameters
employed such as the montage, the current, the intensity or the
size of the electrodes can affect the electric field strength. All of
these variables contribute to increase the heterogeneity of the
electric field’s properties among studies thus producing different
outcomes (Woods et al.,, 2016). Furthermore, targeting a neural
network with tDCS while it is engaged by a cognitive stimulation
activity, during or after the administration of tDCS, may yield
better therapeutic effects than stimulating the same cortical
region lacking cognitive stimuli (Cruz Gonzalez et al., 2018).
tDCS may increase the strength of transmission across synaptic
circuits in pathways that are stimulated by cognitive practice.
Thus, coupling both techniques could create a synergistic positive
effect on behavior (Miniussi et al., 2013; Birba et al., 2017; Cruz
Gonzalez et al,, 2018). The effectiveness of tDCS in CR targeting
people with MCI or dementia must therefore be established.
It is fundamentally important to learn about all the different
configurations and protocols in which tDCS has been employed
to assess its utility.

We systematically reviewed the literature regarding effects
of tDCS on persons with MCI and dementia to address the
following questions: (1) Does tDCS alone improve cognitive
functioning in persons with MCI and dementia? (2) Does tDCS
coupled with cognitive training, or as a priming to other cognitive
interventions yield greater benefits in cognitive functioning
than the administration of tDCS alone? (3) Are the effects
of tDCS on the cognitive functions able to maintain across
time?

In this study, we reviewed and evaluated the effects of
tDCS on cognitive functions in people with MCI or dementia
from all the available clinical trials. A systematic review of the
available information up to the present will enable researchers
to better understand the potential of tDCS to offer solutions for
cognitive deterioration, with the aim of outlining more robust
interventions in the future for people with MCI and dementia.
Other reviews involving the use of different NIBS on healthy
aging (Prehn and Floel, 2015), dementia (Freitas et al., 2011; Hsu
et al., 2015), MCI (Birba et al., 2017) have been carried out since
2011, but we provide an update and meta-analysis of recent trials
to focus exclusively on the use of tDCS in MCI and dementia
populations.
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METHODS
Eligibility Criteria

We performed a systematic review and meta-analysis following
the PRISMA guidelines (Liberati et al, 2009). Studies were
selected based on the following criteria:

- Participants: Participants included in the study were older
adults with MCI and persons with a diagnosis of dementia. The
criteria for MCI includes (a) subjective memory complaint; (b)
objective cognitive decline; (c) preserved ADLs, and (d) not
demented (Petersen et al., 1999). The diagnosis of dementia
followed the criteria of the NINCDS-ADRDA (McKhann et al.,
1984) and the DSM-IV (American Psychiatric Association,
2000). Participants with any other neurological disease that was
not dementia, such as only the Parkinson’s type, were excluded.

- Interventions: tDCS alone (anodal, cathodal, or sham), or a
combination of tDCS (online or offline) with an additional
cognitive task (CT).

- Comparisons: The comparison group could be a placebo with
sham tDCS, sham tDCS in combination with a CT, or a
control group performing a cognitive intervention. In order to
establish evidence on tDCS protocols for people with MCI or
dementia, studies without sham tDCS were included.

- Outcome measurements: The outcomes were measurements of
cognitive functions and neuroimaging techniques.

- Study design: All clinical trials published in English from
January 2007 to November 2017 were included.

Search Strategy

Studies were identified by a systematic literature search in
the following databases: PubMed, Web of Science, Science
Direct, MEDLINE, and PsycINFO. A search was performed
combining all the chosen keywords across the above databases.
The keywords and the search strategy are presented in Table 1. A
hand search was also performed to identify relevant studies.

Selection Criteria

After removing duplicates, the abstracts of the articles retrieved
were screened to make a final decision for further review. Two
investigators realized the search and the selection of studies
to be included. Any disagreements were resolved by a third
reviewer.

Data Extraction

The data extracted from the selected studies were conducted
by two investigators using a standardized data extraction
sheet which included study design, study population,
number of participants, mean participant age, gender ratio,
general cognitive level, number of intervention sessions,
experimental/sham tDCS parameters, combination of tDCS
with other interventions, outcome measures, neuroimaging
techniques, assessment sequence, follow-up, effect(s) of the
intervention, and intervention safety reports.

Methodological Quality
The studies selected for review were categorized and leveled
according to their design based on the hierarchy level of

TABLE 1 | Sample search strategy and databases.

Search strategy Database Articles
yielded
Aged OR aging OR old adult OR old people OR PubMed 2282878
old person OR aged OR aging/aging OR elder  \Web of science 20020579
OR geriatric Science direct 160098
Medline 2215444
PsycINFO 990595
Mild cognitive impairment OR MCI OR subtle PubMed 39043
cognitive impairment OR mild dementia OR Web of science 32402
prodromal dementia Science direct 26522
Medline 18949
PsycINFO 13300
Dementia OR Alzheimer’s disease OR AD OR PubMed 680614
vascular dementia OR VD OR dementia with Web of science 230907
Lewy bodies OR DLB QR mixed dementia OR Science direct 8365
frontotemporal dementia
Medline 218682
PsycINFO 67559
1AND2OR 3 PubMed 688964
Web of science 234611
Science direct 1936
Medline 221967
PsycINFO 69699
Cognition OR executive function OR attention ~ PubMed 688598
OR memory or working memory OR cognitive ~ Web of science 934342
training OR cognitive intervention OR cognitive ~ Science direct 24133
stimulation OR cognitive rehabilitation OR Medline 462185
cognitive remediation OR brain training OR PsycINFO 815917
mental training OR memory training OR
mnemonic training OR executive function
training OR attention training or working
memory training
Transcranial direct-current stimulation OR tDCS  PubMed 65155
OR direct-current stimulation OR TES ORDC ~ Web of science 60269
stimulation OR electrical stimulation OR Science direct 11106
transcranial stimulation OR non-invasive brain .
stimulation OR NIBS OR neuromodulation Mediine 44985
PsycINFO 36695
4 AND 5 AND 6 PubMed 1135
Web of science 601
Science direct 43
Medline 460
PsycINFO 333
Randomized control trials OR clinical trial OR PubMed 3021385
crossover studies OR case control studies OR  Web of science 3889523
case series OR case report OR placebos OR  ggience direct 231043
sham OR control Medline 2521985
PsycINFO 744877
7 AND 8 PubMed 434
Web of science 317
Science direct 31
Medline 235
PsycINFO 181

evidence [Oxford Center for Evidence-based Medicine—Levels
of Evidence (March 2009)—CEBM!]. All randomized control

Uhttps://www.cebm.net/2009/06/oxford- centre-evidence-based- medicine-levels-
evidence-march-2009 (Accessed March 29, 2018).
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TABLE 2 | Methodology’s heterogeneity assessment of RCT’S.

Study Stimulated Intensity Sessions Duration
region (mA) (min)

André et al., 2016 LDLPFC 2 4 20

Cotelli et al., 2014 LDLPFC 2 10 25

Khedr et al., 2014 LDLPFC 2 10 25

Suemoto et al., 2014 LDLPFC 2 20

Bystad et al., 2016a Temporal 2 30
cortex (T3)

LDPFC, Left dorsolateral prefrontal cortex.

trials (RCTs) were then rated by the first two authors using the
Risk of Bias Tool in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins and Green, 2008).

Data Analysis

Only RCTs, excluding crossover designs, were considered
for meta-analysis. In some cases, authors were contacted
to obtain data from their studies. After the review of the
clinical methodology’s heterogeneity of each study (Table 2), the
selected papers were further assessed for statistical heterogeneity,
using the I-squared and Chi-squared statistics of the outcome
measures.

Data of pooled memory outcomes comparing: (1) Short-term
effects of tDCS treatments vs. sham tDCS that targeted the
dorsolateral prefrontal cortex (DLPFC) were calculated based on
the differences between post-intervention evaluations relative to
the baseline to assess the immediate effects of tDCS; (2) Long-
term effects of tDCS treatments vs. sham tDCS that targeted
the DLPFC; were assessed according to the differences between
follow-up evaluations relative to the baseline.

All outcomes were analyzed as continuous variables with the
mean change, the largest standard deviation, and the sample
size in each group. The standardized mean difference and 95%
confidence intervals were calculated for all meta-analyses using
the fixed-effect model. The effect size was considered to be
small between 0.2-0.49, moderate (0.5-0.79), and a value of
0.8 or above was considered to be large (Cohen, 1992). If I
was below 40%, it was considered to not represent statistical
heterogeneity. Otherwise, the random-effect model was used
instead. Significance was set at p = 0.05 and both meta-analyses
were conducted using Review Manager Software 5.3.

RESULTS

Study Selection

The search strategy identified 1,198 published articles from the
selected databases: PubMed (n = 434), Web of Science (n = 317),
Science Direct (n = 31), Medline (n = 235), and PsycINFO
(n = 181) (Table 1). Sixteen articles met the eligibility criteria
(Figure 1).

Study Characteristics
Eleven studies (Ferrucci et al., 2008; Boggio et al., 2009, 2012;
Cotelli et al, 2014; Khedr et al., 2014; Suemoto et al., 2014;

Penolazzi et al., 2015; André et al., 2016; Bystad et al., 2016a,b,
2017; Costa et al., 2017) involved the application of tDCS on
persons with dementia (PwD). These articles included three
randomized crossover studies (Ferrucci et al., 2008; Boggio et al.,
2009, 2012), five RCTs (Cotelli et al., 2014; Khedr et al., 2014;
Suemoto et al., 2014; André et al., 2016; Bystad et al., 2016a), two
single-subject pretest-post-test case studies (Bystad et al., 2016b,
2017), and two single-subject crossover-design studies (Penolazzi
etal., 2015; Costa et al., 2017). Four articles (Meinzer et al., 2015;
Yun et al,, 2016; Ladenbauer et al., 2017; Murugaraja et al., 2017)
exposed persons with MCI (PwMCI) to the application of tDCS.
These four studies each used a different design: a randomized
crossover (Meinzer et al., 2015), an RCT (Yun et al,, 2016), a
group pretest-post-test (Murugaraja et al., 2017), and a balanced
crossover (Ladenbauer et al., 2017).

These studies included a total of 195 participants with
dementia and 53 participants with MCI. Eleven studies applied
tDCS “alone” (Ferrucci et al.,, 2008; Boggio et al., 2012; Khedr
et al., 2014; Suemoto et al, 2014; André et al., 2016; Bystad
et al., 2016a,b, 2017; Yun et al., 2016; Ladenbauer et al., 2017;
Murugaraja et al., 2017) and five paired tDCS with CT (Boggio
et al., 2009; Cotelli et al., 2014; Meinzer et al., 2015; Penolazzi
et al, 2015; Costa et al., 2017). The details of the studies’
characteristics and protocols are set out in Table 3.

tDCS Parameters

Two studies randomly assigned participants to anodal, cathodal,
and sham groups (Ferrucci et al., 2008; Khedr et al., 2014). The
majority of the studies involved anodal and sham groups (Boggio
etal,, 2009, 2012; Cotelli et al., 2014; Suemoto et al., 2014; Meinzer
et al, 2015; Penolazzi et al., 2015; André et al., 2016; Bystad
et al.,, 2016a; Yun et al., 2016; Costa et al., 2017; Ladenbauer
et al., 2017; Murugaraja et al., 2017). In contrast, three studies
focused on anodal stimulation lacking sham tDCS (Bystad et al.,
2016b, 2017; Murugaraja et al, 2017). Regarding the dose,
we found a high level of heterogeneity among experiments.
Only four studies were single-session (Ferrucci et al., 2008;
Boggio et al., 2009; Meinzer et al., 2015; Ladenbauer et al.,
2017) whereas the number of sessions for the rest of studies
ranged from 4 to 10 (Cotelli et al.,, 2014; Khedr et al., 2014;
Suemoto et al., 2014; Penolazzi et al., 2015; André et al,, 2016;
Bystad et al., 2016a; Yun et al., 2016). Bystad carried out two
case studies adopting unusual approaches, the first study with
a daily dose of tDCS for a duration of 8 months (Bystad
et al, 2017) and the second study using tDCS twice daily
consecutively for 6 days (Bystad et al., 2016b). With respect to
the electric fields, more homogeneous parameters were chosen
among studies. The majority of the studies applied 2mA of
intensity and the targeted region for the active electrode was
the DLFPC and the right supraorbital region for the cathode
(Figure 2).

Six studies reported mild adverse reactions such as itchy and
tingling sensations, redness in the area of electrode application,
burning scalp, headache, dizziness, and pricking (Ferrucci et al.,
2008; Khedr et al., 2014; Suemoto et al., 2014; Bystad et al., 2017;
Ladenbauer et al., 2017; Murugaraja et al., 2017).
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FIGURE 1 | Flow chart for study selection and level of evidence. RCT’s, Randomized control trials.

Effectiveness of tDCS “Alone”
Seven studies on the dementia population reported positive
effects of anodal (Ferrucci et al., 2008; Boggio et al., 2012;
Khedr et al., 2014; André et al, 2016; Bystad et al., 2016b,
2017) and cathodal tDCS (Khedr et al., 2014) on cognition.
All these cognitive improvements were associated with memory
and global cognition. All outcomes but two (Boggio et al,
2012; Bystad et al., 2017) were statistically significant. However,
two of these studies failed to report positive effects in the
attention domain (Ferrucci et al., 2008; Boggio et al.,, 2012).
Two others did not report any positive effects of anodal
tDCS on cognition (Suemoto et al, 2014; Bystad et al,
20164).

Four studies (Boggio et al., 2012; Cotelli et al., 2014; Khedr
etal., 2014; Bystad et al., 2016b) assessed the long-term effects of
tDCS. Three of these reported significant changes: one showed

that the improvement caused by anodal tDCS persisted 4 weeks
after the end of stimulation (Boggio et al., 2012), another
indicated that either anodal or cathodal tDCS improved mean
MMSE score at 1- and 2-month follow-up (Khedr et al., 2014),
and the third study revealed that 2 months after the end of the
intervention, anodal tDCS was clinically significant (Bystad et al.,
2016b).

Only two studies performed neuroimaging tests. In the first,
an ERP experiment confirmed significant effects reducing P300
latency after both anodal and cathodal tDCS (Khedr et al., 2014).
The second used EEG, although it did not prove changes from
baseline (Bystad et al., 2016b).

Three studies evaluated the efficacy of anodal tDCS on
PwMCI. Overall, anodal tDCS achieved significant improvement
in memory (Yun et al, 2016; Murugaraja et al, 2017).
Furthermore, two of these studies investigated the neural effects

Frontiers in Human Neuroscience | www.frontiersin.org

October 2018 | Volume 12 | Article 416


https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles

tDCS in MCI and Dementia

Cruz Gonzalez et al.

(penupuoD)

S100))0 9sIenpe ON :Alejes
dNd s@eem g e

oN :Buibew
1INL “Adoo-eunBiy
xa|dwo) ‘1se} Buiuses)

SOQ1 Jo 18suo
8] se awi swes
au} e papels
suonusAeIUl y1og

%G/, = weys
%€'€8 = INdxe
%gee8 = Qdxe

‘uorpodoud efewa4

VO F Ly, = weys
C'S F 8. =INdxe
‘97 F 99, =0dxe
‘oby

pue uonuaAeul 8y} Jaye dnoib [equen Aioypne Aey Buiure.y ZWo 0G 1'2 F 8'0g =Wweys
Buiuresy sojow snid SO} U UHM 19INY ‘'vavg ser  Jojow Jo (suleseq (spioyap bL) €'C F 1'gg =INdxe
pasedwod N4 uo aouewlopad Buiwreu ainold ‘11dN oy} 18 ‘1vYN4 eyl abejuow 9poyIeD WO G ¥'Z2 F 1'0g = Ddxo
penoidul Apueoyiubis pemouys dnd syiuow 9 pue ¢ ‘a/eds aull 1AVl jo eouewloped (sx00m SOQi swesg (O4d1a7) IS
Buure Aowsw snid SO} Weys ‘uonuenisiul-isod 1AV ‘IS LYNH U} Uo paseq) C 10} >eem (pue a3 1e 80T 9pouy Ul G syuedioed gy 104
pue Buiuresy Aowsew snid SOAY ‘auljleseq 1y :SJUBWISSOSSY Buurey Aowsy Jad G) 0} 18111 1 S 0Z) SOF yw g (sdnaibg)oe =N #7102 “[e 18 810D
oN :Buibew ZWO 9
S108))0 9sionpe ON :Alejes skep |}/, pouad (Msey Jousod (spioyep
dN4 yuow | ye dnoib SOy Ul N0 ysem abeliony By} JO UOISIaA 8nd 1ybu) spoyre) soewa %99y
Buinoiduwl 3dey souewoped | YA dn4  snousBopus Buisn) 1WA ZWo Gg 2'8 F 50’6/ = oby
[Sela)! UIUOW | pue yeem | ‘(eremyos Agl) 1HA abejuow (L pue € F 02 = ISININ ubisap JeN0SS0IO
Wweys Jaye Ueuy} SO} [epoue  ‘uoissas SOQ! Ise| sy} ‘Bo-sepy ‘ISNIN SOQiewes  gl) epouy Ui 0g sjuedioped gy paziwopuey
Jeye Apueoyiubis parosdull | HA Jaye 1ybu ‘euleseq 1 SJUBWISSASSY ON (modeu) g S0g ywg (sdnoibg) gL =N 210z “[e1e obbog
(¢d4) apoyreo
(Uonenwis ey} (£1) epouy (2)
0 18sU0 8y} Jeye (zd4) spouren SofewsS %09
S10alye asianpe ON :Alojes ON ‘dn4 u o} Buress) (04da) epouy (1) 88 F 1'6L =oby
SO} Weys yum pasedwlod se  pouad 1no ysem sAep g ON :Buibew 1SQ ‘1501 doons abejuow ZWo g 67 F /L =3SAN ubisep JoN0SS0.I0
‘LY UO SUORIPUOD [ejuswliadxe JosU0  |SQ ‘1881 doons ‘I HA {(aremyos Ag|) SOA) dWes uiw og syuedioed Qv paziwopuey
SO} Yi0q 4O 10040 Juedyubls v/ SO} Jeye uw QL 'SIUBLISSESSY $80B) UIM 1HA L soe ywg (sdnoib €) 01 =N 600z “[e 1o 01bbog
(sp1oyep u6L)
ON :BuiBew apouy (1-9d)
(wbipesed apouieD (c)
uopesuas Bulyoy :A1eyes ON :dn4 Jausod 8y} Jo (spioyep sefewe %0/
[Sele)! pouad  uoISIeA 8Nd SNOUBBOXd) 1ybu) spoyred ©') F 2'G) =oby ubIsep JOA0SS0IO
[epoyred Jsye peseslosp INq N0 ysem >oem | 1A ‘(Boo-gvay ebejuow  (G1-gd) epouy (1) 8L F L'¢c =3SNN paziwopuey
SOQ} fepoue Jeye Apuedyiubis SOQ! Jeye WioJ} PaIPOLL) | HAN SOQ! swes UGl syuedioed gy 800¢
pasealoul | HAA Ul Aoeinooy ulw Og ‘euljeseq 1 SJUBLISSOSSY ON L SO} VWG L (sdnaib g) 0L = N “Ie 19 100Nn.Ie4
an/av
uonuanIdul
aouanbas J3Y10 yum SsuoISsas abejuow uBisap
uonUAAId)UI JO }03)3 jJuaWISSassy sawooInQ uoneuIqwo) Jo JaquinN SO} weys abejuow SO} sjuedionied pue Apnis

'soisyeloeseyo ApniS | € 31avL

October 2018 | Volume 12 | Article 416

Frontiers in Human Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles

tDCS in MCI and Dementia

Cruz Gonzalez et al.

(penupuoD)

s10046 8sIenpe oN A1e/es dn4 syuow (2d4) epoyren selewsd %0
933 usebueyo oN g pue euleseq e H33 (€1) spouy 65 = oby
JueouBIS AJleoluljo sem 1se} dn4 syuow 33 :Buibew (kep e eo1my ZWo GE 2’62 = IS Apnis esen
Ileoal pakejep [1-IIAD "ISININ-+ ¢ ‘UOISSes ise| U} Joye IS ‘1I-L1AD ‘pousd Aep-9 uwiog 8sed Qv agLoe
uo juswenoiduwl Ajuesiiubis shep g ‘auljeseq 1y 1S]UBWISSOSSY ON e Buunp) z1 wreys oN vwig L=N e 10 pelsAig
%Ly = weys
%2y = dxe
‘uorpodoud erewa4
0'0€ F 0°'GL = weys
'0'kg F G20 =dxe
‘aby
0'¢l F L'cc = Weys
oN :BuiBew| ‘08 F 50z =dxe
(Uoisien pareirneIay) (2d4) epouren ISAIN
SIVM LANL abejuow (€1) epouy sjuedioed gy
ON :dN4 ‘1s8} Bumelp-»o0[0 SOd1 swes cwo Gg €} = WeysN 104
S10849 8sIenpe ON :Alejes uonuanisul-isod ‘IS ‘11-IAD (pus 8up Je soe uiw 0g gl = dxeN €9102
‘aulleseq 1y ‘SjusWSSessY ON (shepoLu)9 ‘sl 18 sog) S 09 vwig GC=N “'[e Jo peisAg
%SG = weys
%€ € = Odxa
%¥'Gy = vdxo
‘uorpodoud efewa4
6'G F €29 = weys
qwo ¥'GF L0, =0dxe
001 (gd4) epouy 2/ F §'89 = vdxe
2w g ‘aby
sseulzz|p (O4dan 6'C F 691 = Weys
pue syoepeay ‘Buiyoy :Alejes epouieD (e) 6CcF88L=0dxe6¢
SOQ! [epoyred pue [epoue ZWO 00k F 7’8l = vdxe ISAIN
U10Q Joye palinooo Aousrel 00Ed spouad jus|is [eQILI0O (zd4) swuedpiped Qv
paonpais pue panroidwi ISININ ‘ploysaJy} Jojow ebejuow  BpPOYIED WO g || = weysN
‘SOQ} [EPOYYED dnd syuow g pue  Buiises gy :Buibew| SO0} ewes (04da) epouy gk =0dxeN
Joye penoidu Apueoyiubis | ‘uonusnel-}sod -SIVM ‘ISAIN (pue 8y} Je sOZ uw Gz L = vdxeN 104
soueunoped D] SIVM ‘auleseq Iy ‘SjuUeWSSessyY ON  (moreu)or ‘ISl 18 s 0g) SOy ywe YE=N 7102 “[e 18 Jpayy
%G'CE = weys
%G'L€ = dxe
‘uoipodoud sjewe
0'8 ¥ 918 = weys
ON :BuiBew| (cd4) L', F 6L =0x3
(uonejeouEd apoyie) gwo Gz ‘oby
WBIp pue uoniuboos: (O4d1a7) 9C F ¥'GlL = weys
piom ‘Buiuses apouy (1) L'eF0GL=0dx3
Buiuing dreos dnd eem 1sl| piom) 60D-Svavy abejuow ZWo g ‘ISIAN 104
‘ssuspai Bupys ‘Buybul] :Alefes | ‘uonuanisiul-isod ‘oleog Ayredy (SYEEIY SOQA1 dWes uiw 0z syuedioed Qv 7102
S1084)0 JUBOIIUBIS ON ‘auljeseq 1y SJUBLISSOSSY ON 2 Buunp) 9 SOz vwg (sdnoib ) o = N “le 18 ojoweng
uonuaniaul
@ouanbas J3Y30 yum SUoISSas abejuow ubisap
UOIUSAIS]UI JO 108)] JusWISSassy sawo91nQ uoljeuiquiod Jo JoquinN SOQ) weys ebejuow §OQ1 sjuedioiped pue Apms

penujuoD | € 31aVL

October 2018 | Volume 12 | Article 416

Frontiers in Human Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles

tDCS in MCI and Dementia

Cruz Gonzalez et al.

(penupuo)

S108)40 asianpe oN :A1ejes

[ISIAR

a1e1s-Bunses Buunp AyAnoesedAy
[eluoseId polejal-yse) paonpay

ON :dn4d

pouad

N0 YSeMm Meem auQ
o1e1s Buisel

pUB YSB} [eABLI1I-PIOM

IHINY :BuBew

%8'8¢ solewe
12 L F vy 19 =8By

ubisep JON0SS0I0

S|0J3U0D AUyeay JO [9A8] 8} e Buunp Buipiodal |HINS ¥SB} [EASL}BI-PIOM abejuow (2d4) epoyren ¥e'L F /122 = 3SNIN pazjuopuey
0} ¥{SB} [eAl}2I-PIOM DJUBLUSS 1UBLINOUOD YIM SO} OlJUBWSS LOAD  MSE]} [eASLIBI-PIOM SO0} eWes  (9H4]) epouy Uil 0Z sjuedpied DN SL0g
aUj} JO Juswerocidwl JUBOIHUBIS  Weys "sA SO} [epouy 'SJUBLUSSOSSY OlJUBLISS HOAQ L s0g vw | (sdnoibg) 8L = N “[e 10 JozZUBN
IO
selewsa
¥’/ F8'GL = weys
8'G F €08 =dxe
‘aby
9'C F v'¢¢ = weuys
S108Ye asienpe oN :Alejes 8L FGvg=dxe
uoluaAIBIUl Joye ON :Buibew (2d4) epoyren ISINN
SPIOM PSZLIOWBW JO Joquunu 8y} se} 06-0u/05) (04d@) epouy sjuedioed
paseasoul ¥se} Bujweu ainjold dn4 sXeem g SE)} Moeq-g ‘Ysel abejuow ZWo GE an/an
‘panosduul 181 ‘uonuanielul - Buiweu-ainiold ‘SyQy SDA1 BWEeS uiw 0z 6 = WeysN 104
0B-ou/06 8y} pue ysey 3oeq-g Joye ‘eulleseg 'SJUBLUSSOSSY ON (more u) ¢ sg ywzg gl=dxeN{lg=N 910z "[e 10 alpuy
(soar
JO }9sUO 8y} Joye
Ui / paJeisiujwpe
BJoM 9S[0IoXa)
‘'spjomopnasd pue
pouad ON :Buibew| spiom jo uonnedai (zd4)
N0 YSEM Moom g S¥Se} SCUA pue ‘pnoje apoyie) (ease sefewsa %00}
dn4 pue sunou  Bulpea) ‘uoieIp §,8001g) 9pouy /9 = aby
S100))0 OSIONPR ON :AlIBJES  SHMeeM g ‘UolUBAIBIUI JO JO uoisuayaiduwod -0}-Bunum abejuow ZWo G¢ /2 v = 3SININ ubisep JoN0SS0.IO
SQUAA JO UoIsuayaIdwoo pus Joye Ajgreipawiwl ‘Aoypne ‘BuiueN SE {S9S[0JoxXe SO} dWwes uiw g 9sed QY 108(gns 8|buIS
JO JusWwaAOIdWI JUBDIUBIS ‘aulleseq 1 1S]UBLISSOSSY onsinBur o] sQS Ywg (sdnoibg) L =N 2102 “e 10 e1soD
(uw gy
Jo} uoiesiuiwpe 2Wo 001
pouad oN :Buibew SO} 8Y) Jeye (2d4) selewa4 %0
S100))0 9sIonpe ON :Alejes N0 ysem yuow g Buimelp 30010 ‘sainbly  1ybu paislsiuiwpe apoyie) gwo Gg 09 = oby ubisep JON0SS0.I0
10 dn4 seem  Buiddepeno ‘LINL ‘1SA ! ebejuow (04dd) spouy '8¢ = 3ASININ 108(gns ojbuIS
+ SOQ* 10} LN Ul Juswanoidul g'uonuenie-isod 140 ‘I4d LANMA ‘LHM esel} [Iv) 1dO (SEEI) SOQ} swesg Ul og 8sed av GLoC
Aoeinooe ueolubis v ‘auljeseq 1y [SJUBWISSESSY ] dd -LINMA LHM Zu) oL SOk ywg (sdnoibg) | =N “le 19 1zzejouad
uoljesuss
Ayoy pue Buybul] :A1eyes
panoiduwl [eoss pakejsp (2d4) epoyren solewa %0
puUE |[e0aJ 8eIpaLI ‘SUIUOW (€1) spouy 09 = eby
8 1 ‘Buiuonouny jerredsonsin ON :dN4 ON :BuiBew Qwo Gg 02 = IS
J0} 1de0X8 PazZIIge)s alom syuow g 1e SNvay (sypuowl uiw g 9sed QY Apnis esen
suofouNny 8AIIUBOD sjueed syl ‘syluow G je ‘euljesegq SJUBUISSOSSY ON g J0j) Areg weys oN vz L=N /102 “[e1e peishg
uonuanIajul
aouanbas Jayjo yum suoissas abejuow uBisep
uoluaAIauI JO 103)T juswIssassy sawoo1nQ uoneulquo) 1O JaquinN SO@1 weys abejuow SO} sjuedioiued pue Apnig

penuuog | € 319VL

October 2018 | Volume 12 | Article 416

Frontiers in Human Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles

tDCS in MCI and Dementia

Cruz Gonzalez et al.

"BSIMIBYIO SB 10 (S F SUBBW 8Je Senje)\ »(Se} uonjubods. pIom
IHM feousbiieiul Jo 8/eos pajeInaIqqe J8jyISSA ‘llI-SIVA B} [0.U0D PaZILIOPUBI | DY SB) Alowaw BUBLOM [BQIBA ‘L INMA HSE} UORIUBODSI [BNSIA ‘| H/ ‘BlIUBWSP JBINOSEA ‘G/ /SB} UORUSHE [BNSIA ‘I /A 1581 Bupew el ‘[N ‘'SO)
AI0JE([10SO MOJS ‘SD(J1-0S {18} Alowsw [BIoinBYaq PeaULIBAY ‘| GNY ‘SniBlS [eoibojoyoAsdoinsu JO JUsWSSasSe ‘SNYGY ‘1S81 juawuedw Aowsw ainoid ‘| NG se) Aousnyy oiweuoyd ‘|44 ‘8zs ejdwes ‘N ‘uojeujwexs 83e}s [elusw
-IUN FSINN “SHNPE J8pJo 104 alreuuosenb Aloweuweiaw O JuauLeduwl aayubod pliuw ‘|OpN ‘erusuwep paxin ‘G Xapod [euoyeid [eieejosiop WbL/a] ‘“Od+4as,/1 SniAB feyuoy JoLsyur ‘o ‘Buinl Ajiep Jo Seinoe/eluswnsul
“1avy ‘dn-mojjo4 4N+ HIser uonelnosse Alowsw aweu-ae) ‘IyNH ‘dnoib [ejuswiiedxe Jojow ‘pdxe ‘dnoib epuswiiedxe [epoyied ‘Ddxe ‘dnoib [ejuswiiadxe fepoue ‘ydxa ‘dnoib [eiuswiusdxe ‘dxe ‘dnoib |ejuswiiedxe anpuboo
‘Ddxe fse) ueds ybip | S HfSer eouewIoLed SnonuRuod ‘|40 1581 Buluies| [equeA BILIOHERD ‘II-1TAD ‘SHoyep diseyde jo sisAieue o) Aieneq ‘Yayg BoD-9/eos JUsWSSESSE 8sBasip S, Jewipyz)y ‘60o-Syqy esessip sewieyzly ‘ay

uonesuas Bulbul] :Aleyes

ON dN4
‘pouad

533 :Buibew|
ysel Buiddey

(spioysew)
sepoyren

(4

pue g4) sepouy
wuw g

(3o} ur sxj00|q
G-€)$x00|q U G

% L'€Y So[ewsd

Jomod s|pulds pue QS |[eleA0 1NO-USEM SHeeM g Jabulj [euenbas ‘sel 1O paurewss (VN G'292-0) 6 F |, = obe ues|\ ubisap Jen0SS0IO
peseauoul Apueoyiubis SOK-0s  "SOQ} Bulnp H3J pue Aowswi fequon ‘visey 0IAep SO} ZHG.0 'L F €8¢ =3SNN paziuopuey
paroidwl SO} Jeye pue suljeseq Aowsw [enredsonsin abejuow 10 Aouenbauy syuedpiped DN /102
Alowsw aAlrese0ap [ensip 1€ 1881 9AIUBOD SJUBLISSOSSY ON L SDOA1 BWEeS SOA-0S (sdnoibg)g =N “[e 10 Jenequepe]
uonesuss (zd4) %G G Solewo
Buiuing ‘Bupfold :Aepes apouien (94)) v F965 =00y  ise}isod-isejeid
dN4 yuow | ye Bunsisied dN4 yuow | oN :Buibew 9pouy SWo Gg 82 = 3ISIN dnoub suQ
‘poncsdwil eouewIOped  UORUSAISIUI BU} JO PUS 1INd uiu g sjuedoiped (DN 1102
|leoas pekejep pue alepawiw| Joye Y | pue auljeseg 1SJUBLUSSOSSY ON (moseu) g weys oN ywz LL=N  “lele efesebninpy
%S¢ = Weys
%G'L¢ = dxe
{uolNqUISIp efeweS
GC'v FCL'elL = Weys
¥ L FGL Y. = dxe
S100j)0 9sIonpe ON :Alejes ‘aby
wsljogelsw (D4day) spouren ¥.'¢ F ¢l'Gc = Weys
[eJg189 [euolBes pasealou| (D4dan) epouy ‘8G'| F G292 =dxe
‘panosdw Apuesyiubis ON :dn4 13d :BuiBew [(SSEEIN abejuow ZWo Gz SN
selfeyelis Alowaw pue uonuanisjul-}sod OININ PaIIPON © 10} Moom SO} dwes Ui 0z sjuedpoiped (DN 124
uonoejsiies Aloweaw aAo8lgnsg ‘ouljeseg SJUBLISSOSSY ON Jodsawn €) 6 SOz vwg 9L =N 9102 “[e 10 ung
uonuaidul
@ouanbas J13Y30 yum SuoISSas abejuow ubBisep
uOoUAAId)UI JO }03)] JuaWISSasSSY sawooInQ uoneuIqwo) J0 JaquinN SOQ} weys ebejuow sOQ1 sjpuedioed pue Apnis

penuiuo) | € 31GVL

October 2018 | Volume 12 | Article 416

Frontiers in Human Neuroscience | www.frontiersin.org


https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles

Cruz Gonzalez et al.

tDCS in MCI and Dementia

tDCS parameters

gyrus; L/DLPFCT, left/right dorsolateral prefrontal cortex; L&R, left and right.
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FIGURE 2 | tDCS parameters used across the studies included. IFG: 1, (Ferrucci et al., 2008); 2, (Boggio et al., 2009); 3, (Boggio et al., 2012); 4, (Cotelli et al., 2014);
5, (Suemoto et al., 2014); 6, (Khedr et al., 2014); 7, (Bystad et al., 2016a); 8, (Bystad et al., 2016b); 9, (Bystad et al., 2017); 10, (Penolazzi et al., 2015); 11, (Costa
etal., 2017); 12, (André et al., 2016); 13, (Meinzer et al., 2015); 14, (Yun et al., 2016); 15, (Murugaraja et al., 2017); 16, (Ladenbauer et al., 2017); IFG, inferior frontal

of anodal tDCS. Yun et al. (2016) utilized PET to demonstrate
a significantly increased metabolism in cortical regions. In the
same way, the work of Ladenbauer et al. (2017) made clear,
through the use of concurrent EEG, that slow oscillatory tDCS
significantly increased overall slow oscillations (SO) and spindle
power (Ladenbauer et al., 2017).

Effectiveness of tDCS Combined With CT

Details and methods about the CT operated among studies
are shown in Table 3. All the studies involving PwD showed
significant benefits after receipt of anodal tDCS paired with a CT.
Boggio et al. (2009)applied tDCS while participants completed
cognitive assessments, enhancing memory in a visual recognition
memory task, but there were no effects on attention. The work
of Cotelli et al. (2014) combining memory training with tDCS
and sham tDCS resulted in improved memory performance
illustrated in a face-name association memory task, as compared
to a group which received tDCS paired with motor training; this
improvement persisted significantly after 12 weeks. However, it
failed to produce significant effects on standardized cognitive
tests. In one single-subject crossover study, the cognitive training

associated with memory components was started right after
the end of tDCS administration and the findings revealed a
significant accuracy improvement in a verbal working memory
task. In contrast, there is no indication of amelioration in other
cognitive assessments (Penolazzi et al., 2015). Alternatively, one
case study that focused on stimulating the production and
comprehension of language through a combination of anodal
tDCS and linguistic training found a significant effect in an
auditory comprehension task (Costa et al., 2017).

The work of Meinzer et al. (2015) targeting PWMCI revealed
that during exposure to anodal tDCS, participants performed
significantly better in a semantic word-retrieval task than those
who received sham tDCS, achieving the level of healthy elderly
subjects. Furthermore, the application of anodal tDCS led to
reduced task-related prefrontal hyperactivity shown by resting-
state fMRI.

Details of the CT

Study Quality

The level of evidence of all the trials is displayed in Figure 1.
Details can be found in Table 4. Most of the studies reported a
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TABLE 4 | Methodological quality (Cochrane Risk of Bias Tool).

Study Random Allocation Blinding of Blinding of Incomplete outcome Selective Other bias

sequence concealment participants and outcome data reporting

generation personnel assessment
Ferrucci et al., 2008 Unclear High High Low Low Low Low
Boggio et al., 2009 Unclear Low High High Low Low Low
Boggio et al., 2012 Unclear High Low High Low Low Low
Cotelli et al., 2014 Unclear Unclear High Low High Low Low
Suemoto et al., 2014 Low Low High Low Low Low Low
Khedr et al., 2014 Low Low Low Low Low Low Low
Bystad et al., 2016a Low High Low Low Low Low Low
André et al., 2016 Unclear High High High Low Low Low
Meinzer et al., 2015 Unclear High High Low Low Low Low
Yun et al., 2016 Low High Low Low Low Low Low
Ladenbauer et al., 2017 Unclear High High High Low Low Low

risk of bias describing the method used to conceal the allocation
sequence (Ferrucci et al., 2008; Boggio et al., 2012; Meinzer et al.,
2015; André et al,, 2016; Bystad et al., 2016a; Yun et al., 2016;
Ladenbauer et al, 2017). The most common methodological
limitation of these studies was the issue of the blinding of the
personnel due to the nature of most tDCS devices.

Meta-Analysis

Four studies (Cotelli et al., 2014; Khedr et al., 2014; Suemoto
et al, 2014; André et al, 2016) involving 119 PwD in total
were included in the meta-analysis. One RCT study was
excluded because the region of stimulation was the temporal
region (Bystad et al., 2016a). The results revealed a statistically
significant mean effect size of 0.39 [95% CI, 0.02, 0.74] (p = 0.04)
that favored real tDCS over sham stimulation for immediate
effects. There was no evidence of heterogeneity across studies
(Q =473, I> = 37%, p = 0.19). An overall small non-significant
effect of 0.15 [95% CI, —0.023, 0.52] (p = 0.44) was noted
in long-term effects of tDCS in comparison with sham tDCS.
Heterogeneity was not found (Q = 2.18, I*> = 0%, p = 0.53;
Figure 3).

DISCUSSION

All the 11 articles (RCTs) whose evidence was ranked as level 1b
presented a commendable methodological quality with a general
presence of low risk of bias. From the MMSE admission scores
in the AD studies that ranged from 15 to 24.5 and MCI studies
from 26.75 to 28.3, we noticed that the effects of tDCS benefits
on cognition were significantly better for patients with mild to
moderate cognitive decline.

When comparing the effectiveness of tDCS, in single and
multisession interventions, positive changes occurred in both
behavioral and neural systems. In this systematic review, we
aimed to reveal robust interventions by identifying similar
elements across studies. One main concern when designing
interventions in NIBS is the treatment duration in multisession
trials. There is similarity in terms of the number of sessions

across the selected studies: four to ten sessions, staggered over 1-
2 weeks. These short interventions can provide valuable data that
allow tDCS to be proposed as a potential option in CR. However,
the benefit is rather short-term with a medium effect size of 0.39.
This also contrasts with other long intervention frameworks for
clinical use in which more time is needed to evaluate whether
the changes have a real benefit in reversible conditions such
as MCI (Portet et al., 2006) or have an impact in long-term
neurodegenerative processes such as dementia. For example, an
alternative was proposed by Bystad et al. (2017) that adopted
an 8-month protocol of daily tDCS use in a person with AD
to stabilize cognitive decline. The long-term outcome probably
requires prolonged periods of intervention.

Although six studies reported side effects (Ferrucci et al., 2008;
Khedr et al., 2014; Suemoto et al., 2014; Bystad et al., 2017;
Ladenbauer et al., 2017; Murugaraja et al., 2017), all participants
tolerated the therapies well and the sensations experienced were
mild. This suggests that the parameters employed are sufficiently
safe (up to 30 min, 2 mA). Another concern is that the range of
the parameters for intensity and duration stimulation and the
size of the electrodes were highly diverse, making it difficult to
draw conclusions in order to select a specific protocol for future
research.

Another view is that when selecting a region of interest for
stimulation, most of the studies targeted the temporal regions
(Ferrucci et al., 2008; Boggio et al., 2012; Bystad et al.,, 2016a,b,
2017), for the role this area plays in certain memory processes
(Brown et al., 1987; Kaye et al., 1997) as well as language (Nguyen
et al., 2018). Another common region of interest is the DLPFC
because of its importance in high-order cognitive mechanisms
(Tremblay et al., 2014). Language-oriented work has targeted the
inferior frontal gyrus and DLPFC as well, successfully achieving
better performance in semantic word retrieval (Meinzer et al.,
2015) and comprehension of language (Costa et al., 2017). In the
same way, studies that applied tDCS combined with CT operated
a CT related with a cognitive domain associated with the brain
area targeted by tDCS. Although this approach is reasonable and
consistent, the studies failed to assess if other cognitive domains
associated with other brain regions were affected. Due to the
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A Short term effects of tDCS on memory
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Andre etal., 2016 05 1:2 13 0 1.4 8 17.8% 0.38[-0.51,1.27) =

Cotellietal., 2014 1242 1121 12 1116 1593 12 220% 0.09-0.71,0.89] —

Khedr etal., 2014 017 254 23 -255 194 11 236% 1.12[0.35,1.89) —_—

Suemoto etal,, 2014 053 284 20 0.2 27 20 36.6% 012[-0.50,0.74) ——

Total (95% Cl) 68 51 100.0% 0.39[0.02,0.77] <

Heterogeneity: Chi*= 4.73, df= 3 (P=0.19); F=37% 5_2 =1 ? ,i 25

Testfor overall effect Z= 2.06 (P = 0.04) Favours [control] Favours [experimental]

B Long term effects of tDCS on memory
Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Andre etal,, 2016 06 12 13 -02 13 8 171% 0.62-0.28,1.53) ———

Cotellietal,, 2014 225 1346 12 583 864 10 19.6% -0.30[-1.14,0.55) —_—

Khedretal, 2014 046 282 23 022 2 1% 0.09 [-0.63,0.81) o —

Suemoto etal., 2014 056 322 20 -01 287 20 36.2% 0.21 [0.41,0.83) — T

Total (95% Cl) 68 49 100.0% 0.15[-0.23, 0.52] ?

Heterogeneity: Chi*= 2.18, df= 3 (P = 0.53); F= 0% '_2 1 ) 1 2:

Testfor overall effect Z= 0.78 (P = 0.44) Favours [control] Favours [experimental]
FIGURE 3 | Meta-analyses forest plot. (A) Short term effects of tDCS on memory. Data derived from a fixed effect model. Each line represents an individual effect size
of each study. The diamond at the bottom shows the standardized effect size (0.39). Relative weight for each trial is illustrated by the sized of the corresponding
square. (B) Long term effects of tDCS on memory. Data derived from a fixed effect model. Each line represents an individual effect size of each study. The diamond at
the bottom shows the standardized effect size (0.15). Relative weight for each trial is illustrated by the sized of the corresponding square.

lack of focality of tDCS and the variability of the current flow
direction, there is a possibility that other neural networks, not
directly targeted by tDCS, could have been affected (Woods et al.,
2016).

Three studies used an extracephalic cathodal montage
(Ferrucci et al., 2008; Boggio et al.,, 2012; Cotelli et al., 2014) but
the majority of the studies selected a cephalic montage by placing
the cathode on the supraorbital region (Fp2) (Boggio et al., 2009;
Khedr et al., 2014; Suemoto et al., 2014; Meinzer et al., 2015;
Penolazzi et al., 2015; André et al., 2016; Bystad et al., 2016a,b,
2017; Costa et al., 2017; Murugaraja et al., 2017).

Overall, these studies have selected predominantly global
cognition and memory domain as experimental evaluators.
Despite the fact that these constructs are similar in nature,
there is great variability in terms of assessment and CT chosen.
All the studies but two (Suemoto et al, 2014; Bystad et al.,
2016a) report positive effects of the application of tDCS. Against
this trend, among the other articles, we must emphasize that
only six studies translated these improvements into standardized
cognitive assessments (Ferrucci et al, 2008; Khedr et al,
2014; André et al, 2016; Bystad et al., 2016b; Yun et al,
2016; Ladenbauer et al., 2017) while other studies reporting
improvements in non-standardized CT to prove the effects
of tDCS. Yet it must be acknowledged that certain cognitive
functions are mediated by networks of various brain sites and
might be difficult to be influenced by targeting only a subset of
their brain regions (Reinhart et al., 2017), besides the short length
of the intervention might have contributed to these changes being
insufficient to translate into standardized test results.

It is hypothesized that targeting a neural circuit with tDCS
paired with a CT may produce stronger therapeutic effects
than stimulating the same brain area without cognitive stimuli
(Birba et al., 2017; Cruz Gonzalez et al., 2018). The evidence
on whether using tDCS alone or in combination with other CT
yields identical results and seems to be inconclusive in both
PwD or PWMCI. Recently, a single-subject design study using
cognitive stimulation practice across sessions in combination
with simultaneous anodal tDCS showed significantly stronger
effects on planning ability, processing speed, and attention of
cognitive stimulation practice than both sham tDCS and the
application of cognitive stimulation practice alone in PwMCI
(Cruz Gonzalez et al., 2018). This finding prompts the plausible
speculation that tDCS, combined with cognitive training, might
have synergic effects. A recent review of CR or cognitive training
interventions with control conditions for PwD shows that RCTs
on the effect of cognitive training on PwD are limited and there is
no indication of any significant benefits from cognitive training
(Bahar-Fuchs et al., 2013). Following this line of thought, future
studies would carry more weight if they considered combining
both interventions in comparison with control groups receiving
tDCS or cognitive training alone, and would report not just
benefits in the trained CT but also generalization to the trained
cognitive domains and daily functioning.

Only five studies reported the use of brain imaging as an
outcome demonstrating the neuromodulatory effects of tDCS
(Khedr et al., 2014; Meinzer et al., 2015; Bystad et al., 2016b; Yun
et al., 2016; Ladenbauer et al., 2017). In the absence of imaging
techniques, we can only speculate on the results of behavioral
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tests without examining the underlying neural mechanism of
tDCS in MCI or dementia.

This is the first meta-analysis to explore the short- and long-
term effects of tDCS in the memory domain, targeting the DLPFC
in PwD. We have found evidence that tDCS has a significant
immediate effect but that it is not significantly sustained with
the passage of time. We suggest that future research address the
need to evaluate the long-lasting effects of tDCS on the cognitive
domain, implementing both behavioral and imaging follow-up
evaluations.

This study has several limitations. For instance, although
the pooled outcomes for meta-analysis were all memory-based,
the selected studies used different tests. In addition, only four
studies could be included, this might contribute to making the
meta-analyses somewhat underpowered, thus the findings should
be interpreted with cautions. Another striking example is the
AD stage, which varied among the studies. Moreover, we have
not included the most recent work published since November
2017 (Cruz Gonzalez et al., 2018), because of the time eligibility
criteria. This systematic review included all tDCS trials carried
out in dementia and MCI populations, and subsequently reported
a few papers that did not use a comparison group (sham tDCS),
which weakens the conclusions somewhat.

CONCLUSION

Our meta-analysis suggests that there is modest evidence
supporting tDCS on the DLPFC ameliorates memory in PwD,
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